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Objective: This study aimed to investigate RING-Finger Protein 6 (RNF6) expression
in esophageal squamous cell carcinoma (ESCC) cells and whether it affects cell
proliferation, invasion, and migration by regulating the TGF-B1/c-Myb pathway.

Methods: TCGA database was used to analyze RNF6 expression in normal tissues
and esophageal cancer tissues. Kaplan—Meier method was used to examine the
correlation between RNF6 expression and patient prognosis. SIRNA interference
vector and RNF6 overexpression plasmid were constructed, and RNF6 was
transfected into Eca-109 and KYSE-150 esophageal cancer cell line. In vitro
scratch assay and Transwell assay were conducted to investigate the effects of
RNF6 on the migration and invasion of Eca-109 and KYSE-150 cells. RT-PCR
detected the expression of Snail, E-cadherin, and N-cadherin, and TUNEL detected
the apoptosis of cells.

Results: RNF6 up-regulation promoted the progression of esophageal cancer and
predicted poor prognosis. RNF6 also enhanced the migration and invasion of ESCC
cells in vitro. RNF6 silencing inhibited the migration and invasion of ESCC cells.
TGF-B inhibitors reversed the oncogenic effects of RNF6. RNF6 regulated the
migration and invasion of ESCC cells by activating the TGF-3 pathway. RNF6/TGF-
B1 promoted esophageal cancer progression through c-Myb.

Conclusion: RNF6 promotes the proliferation, invasion, and migration of ESCC
cells possibly by activating the TGF-B1/c-Myb pathway and affects the progression
of ESCC.
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Introduction

Esophageal carcinoma is one of the common malignant tumors of
the digestive tract (1) and has low rates of early diagnosis, prognosis,
and mortality (2). Adenocarcinoma and squamous cell carcinoma are
the main histological types of esophageal cancer, and more than 90%
of esophageal cancer cases in China are classified as esophageal
squamous cell carcinoma (ESCC) (3). ESCC is characterized by
high morbidity and low survival rate. Studying the key molecules
and signal transduction mechanism of ESCC can provide new ideas
for its early diagnosis and treatment (4, 5).

Epithelial-mesenchymal transition (EMT) is the morphological
and genetic change of epithelial cells from tightly connected epithelial
phenotype cells to mesenchymal phenotype cells with migration and
invasion abilities (5, 6). EMT is involved in embryonic development,
normal physiology, and many pathological processes, making it an
important event in tumor invasion and metastasis (7). EMT plays an
important role in the invasion and metastasis of ESCC and is closely
related to the prognosis of patients (4, 8, 9). Transforming growth
factor B (TGF-B) is an important inducer of tumor cell EMT (10).
Under the mediation of TGEF-f, epithelial tumor cells acquire
mesenchymal phenotypes and lose epithelial phenotypes, leading to
improvement in their invasion and migration abilities (11) and thus
accelerating the spread and development of tumors (12). c-Myb
oncogene regulates cell growth, proliferation, and differentiation
(13). The amplification of c-Myb gene or the overexpression of c-
Myb protein can promote tumor cell growth. TGF-B1 regulates the
expression of the transcriptional activator c-Myb in most cells (12).

RNF6 is an E3 ligase in the ubiquitin-proteasome system (14). Its
gene sequence is 2058 bp, and it encodes 685 amino acids (15). RNF6
has a C-terminal RING-H2 finger structure and an N-terminal helical
domain. This gene stabilizes the adrenal receptor (AR) by inducing
the non-hydrolytic ubiquitination of AR through its C-terminal
RING-H2 finger structure (16). ARA54 is recruited to upregulate
AR-mediated gene transcription (17). RNF6 also promotes prostate
cancer cell growth (16); however, its mechanism in ESCC is unclear.

This study aimed to detect RNF6 expression in esophageal cancer.
To investigate the effect of RNF6 on the proliferation, invasion and
migration of esophageal cancer cells and whether this mechanism is
realized through the regulation of TGF-B/c-Myb pathway, so as to
provide a new experimental basis for clinical treatment of
esophageal cancer.

Methods
Bioinformatics analysis

UALCAN online (http://ualcan.path.uab.edu/analysis.html) is
biological analysis tool. Data were obtained from a wide range of
sources, including RNA sequencing expression data from tumor and
normal samples from the TCGA database. All data were standardized
for subsequent analysis. UALCAN database was used to verify the
differential expression of core genes between esophageal cancer and
normal tissues, and P<0.05 was considered to be statistically
significant. LinkedOmics database (http://www.linkedomics.org)
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was employed to analyze the correlation of RNF6 genes and the
functional enrichment analysis of co-expressed genes.

Cell culture

Human esophageal cancer cell lines Eca-109 and KYSE-150
(provided by Shanghai Cell Bank, Chinese Academy of Sciences)
were cultured in RPMI-1640 medium containing 10% fetal bovine
serum. Conventional subculture was conducted in a 5% CO,
incubator at 37°C with saturated humidity.

Cell transfection

The cells were inoculated in six-well plates and cultured at 37°C
and 5% CO, for 12 h. When the cell fusion reached 80%, a
transfection experiment was carried out following the operation
instructions of the transfection reagent. The transfection reagents
containing pcDNA.3.1-RNF6 (3 ug), pcDNA.3.1 (3 ug), and RNF6
siRNA or unrelated control siRNA (3 ug) were mixed with 200 UL of
RPMI-1640 medium without serum and added into each well. The
transfection efficiency was detected by QRT-PCR after incubation at
37°C with 5% CO, for 48 h. Human RNF6 (si-RNF6) sequences were
as follows: sense 5'-CCCGAACAAUGGAGAGUUUTT-3’ and
antisense 5'-AAACUCUCCAUUGUUCGGGTT-3". Negative
scramble control sequences (si-NC) were as follows: sense 5'-
UUCUCCGAACGUGUCACGUTT-3" and antisense 5-ACGUGA
CACGUUCGGAGAATT-3".

qRT-PCR

Cell lysate was added to each group of cells, and total cell RNA
was extracted. PCR amplification was performed after reverse
transcription into cDNA. Reaction conditions were as follows: 95°C
for 3 min; 95°C for 5 s, 56°C for 10 s, and 72°C for 25 s for 40 cycles;
and 65°C for 5 s. The relative quantification method (18) was applied
to determine differences in the mRNA expression of RnF6 in each
group using the following primers: RNF6-Forward: 5-AGAA
GATGGCAGCAAGAGCG-3’, RNF6-Reverse: 5'-TCAAGTCAG
GCTGAGATGCTAGT-3'; GAPDH-Forward: 5-GAAGGTGAA
GGTCGGAGTC-3'; and GAPDH-Reverse: 5-GAAGATGGTGA
TGGGATTTC-3'. GAPDH was selected as the internal reference
gene, and 2**“" was used to represent the mRNA expression fold
relationship of RNF6 in each group.

Scratch test

Cells were seeded into six-well plates at a cell density of 5x10 (5)
per well. FBS-free medium was added, and a straight line parallel to
the middle part of each hole was drawn with 1 mL sterile elongated
spear head in the same direction. Scratches were observed under a
mirror, photographed, and marked. The scratches of each group were
observed under a microscope at 0 and 24 h.
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Transwell experiment

Each Transwell membrane was spread with 30 uL of matrix glue
and left overnight. On the next day, the cell suspension was added and
the membrane was inoculated. A medium without FBS was added to
the upper layer, and a medium containing 10% FBS was added to the
lower layer. After incubation for 24 h, the cells of the upper
compartment were removed. 0.1% crystal violet was dyed at room
temperature for 20min. The cells were counted under a microscope.

TUNEL experiment

In brief, 2x10 (5) Eca-109 and KYSE-150 cells were inoculated on
six-well plates (two cover slides were placed in each well). The culture
medium was discarded, and the plates were washed with PBS for three
times and fixed with 4% paraformaldehyde. The cover glass was
removed after successive treatment with 3% H,O,-methanol and
0.2% Triton X-100. TUNEL staining was performed following the In
Situ Cell Death Detection Kit instructions. The number of green
fluorescent cells was observed under an inverted fluorescence
microscope (Leica, Germany), and the apoptotic cell rate
was calculated.

Western blot assay

Cells were collected and washed with PBS once. Total proteins
were extracted from cell samples using NP-40 lysis buffer containing
40pg/mL protease inhibitor and phosphatase inhibitor. The protein
concentration was determined using the BCA protein determination
kit (Beyotime Biotechnology Co., LTD. Shanghai, China) according to
the manufacturer’s instructions. The same amount of 40 g protein
was electrophoretic in SDS-PAGE 10% gel. It was then transferred to
the PVDF membrane (Millipore, USA). After being closed with 5%
skim milk for 1h, they were incubated with primary antibody E-
cadherin (Abcam, 1:1000) and N-cadherin (Abcam, 1:1000) at 4°C
overnight. TBST film washing 3 times for 10min each time. The
secondary antibody conjugated with horseradish peroxidase was
incubated at room temperature for 1h. TBST washed the film 3
times, 10min each time. Protein bands were observed by ECL
assay kit.

Statistical analysis

SPSS 22.0 software was employed for statistical analysis, and values
were expressed as (mean + SEM). T test was used for comparison
between two groups, and one-way ANOVA was used for comparison
between multiple groups. Kaplan-Meier method was applied for
survival analysis. P<0.05 was considered statistically significant.
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Results

RNF6 expression was increased in
ESCC cells

TCGA data analysis showed that RNF6 expression significantly
increased in human esophageal cancer group compared with the
paracancer control group (Figure 1A, P<0.01). Figure 1B depicts
RNF6 expression in different tumor stages. Compared with that in
normal cells, RNF6 was highly expressed in Stagel cells. Figure 1C
shows RNF6 expression in ESCA based on tumor histology. RNF6
was highly expressed in adenocarcinoma and squamous cell
carcinoma. Survival analysis revealed that patients with high RNF6
expression (n=82) had a shorter survival than patients with low RNF6
expression (n=93) (Figure 1D, P<0.05).

RNF6 affected the invasion and migration of
ESCC cells Eca-109 and KYSE-150

Scratch test results showed that after the stable overexpression
of RNF6 (Figure 2A), the Eca-109 and KYSE-150 cells showed
significantly enlarged cell scratch healing area and enhanced
migration ability (Figure 2B, P<0.01). Transwell invasion
assay revealed that the number of tumor cells below the Transwell
compartment membrane significantly increased in the overexpressed
RNF6 group, and the invasion ability of cells was significantly
enhanced (P<0.01, Figure 2C). Figure 2D illustrates the changes of
E-cadherin and N-cadherin levels after RNF6 upregulation (Eca-109
and KYSE-150 cells). RNF6 overexpression inhibit E-cadherin but
promoted N-cadherin. Apoptosis was detected by TUNEL after RNF6
overexpression. Compared with that of the control group, the
apoptosis degree of RNF6 overexpressed group was significantly
decreased (P<0.01, Figure 2E).

Silencing RNF6 inhibited the migration and
invasion of esophageal cancer cells

RNF6 expression in the siRNF6 group was significantly lower
than that in the non-spe group (Figure 3A, P<0.01). In vitro scratch
test showed that the migration ability of siRNF6 group was
significantly weakened and the cell healing area was small
(Figure 3B). Transwell assay showed that the number of invasive
cells was reduced in the siRNF6 group (Figure 3C). qRT-PCR analysis
of E-cadherin and N-cadherin showed that E-cadherin was up-
regulated in the in siRNF6 group compared with that in the control
group. Meanwhile, the expression of N-cadherin decreased
(Figure 3D). TUNEL results showed that the apoptosis rate of
siRNF6 group was significantly increased compared with that of the
control group (P<0.01, Figure 3E).
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FIGURE 1
Upregulation of RNF6 expression promotes esophageal cancer progression and predicts poor prognosis. (A) TCGA analysis of the relative levels of RNF6
in adjacent normal tissues and esophageal cancer tissues. (B) Relative expression of RNF6 in esophageal cancer stage |, II, [lIl/IV tissues. (C) RNF6 levels in
ESCA of different pathological types. (D) The OS of 175 cases of esophageal cancer was analyzed by Kaplan-Meier, and the log-rank test was performed
according to the RNF6 level.

Co-expressed genes and functional
enrichment analysis of RNF6
in esophageal cancer

Figures 4A, B show the heatmap analysis of RNF6 co-expressed
genes, respectively. The functions of RNF6 co-expressed genes were
correlated with tumor proliferation, invasion and metastasis, and
EMT. Functional enrichment analysis of RNF6 co-expressed genes
revealed that RNF6 mainly affected cell communication, cellular
component remodeling, and cell proliferation. It also affected the
cytoskeleton, extracellular matrix, and microfilament microtubule
composition (Figure 4C). Figures 4D-F show that RNF6 co-
expressed genes affected spindle localization, transcription
elongation factor complex, and microtubule organizing center
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localization of esophageal cancer cells. One of the hallmarks of
EMT is a change in morphology, from pebble-like to fusiform cells.
Cell polarity loss, skeletal changes, infiltration and migration ability
increased. In addition, the EMT process can be triggered by a variety
of signals, such as transcription factors and other oncogenic genes.
Therefore, RNF affects the EMT of esophageal cancer.

TGF-J inhibitors reversed the carcinogenic
effect of RNF6

The results confirmed that RNF6 can promote the invasion and
migration of esophageal cancer cells. Further study was conducted to
determine the regulatory mechanism and whether TGF-B signaling
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FIGURE 2

RNF6 promotes migration and invasion of esophageal cancer cells in vitro. (A) Overexpression efficiency assay. (B) Effect of overexpression of RNF6 on
wound healing. (C) Effect of overexpression of RNF6 on cell invasion. (D) Changes in E-cadherin and N-cadherin levels after RNF6 upregulation. (E) Cell
apoptosis was detected by TUNEL after overexpression of RNF6. Scale bar: 50 pm. n=3, **P < 0.01.

pathway can achieve the above functions. qRT-PCR results showed  the RNF6 + SB525334 group were significantly reduced (Figures 5D,
that Eca-109 and KYSE-150 cells with RNF6 overexpression exhibited — E, P <0.01).

significantly up-regulated Snail mRNA expression. After treatment

with TGF-B specific inhibitor SB525334, the Snail expression was

down-regulated (Figure 5A). After RNF6 overexpression in Eca-109 RNF6 regulated the migration and invasion
and KYSE-150 cells, E-cadherin was significantly decreased and N-  Of ESCC cells by activating the TGF-B

cadherin was up-regulated. After SB525334 treatment, E-cadherin ~ pathway

was up-regulated and N-cadherin expression was down-regulated

(Figures 5B, C). Compared with those in the RNF6 + DMSO group, Compared with that in the control group, the Snail mRNA of
the migration and invasion abilities of Eca-109 and KYSE-150 cellsin ~ Eca-109 and KYSE-150 cells in the TGF-3 group was up-regulated.
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Compared with that in the TGF-B + si-NC group, the Snail mRNA
in the TGF-B + si-RNF6 group was significantly reduced
(Figure 6A). After TGF-B treatment, E-cadherin was down-
regulated and N-cadherin was up-regulated, suggesting that TGF-
B promoted EMT in ESCC. Compared with TGF-f3, E-cadherin was
up-regulated and N-cadherin was down-regulated in the TGF-B3 +
si-RNF6 group (Figures 6B, C). Compared with those in the TGF-
+ si-NC group, the migration and invasion abilities of Eca-109 and
KYSE-150 cells in the TGF-B + si-RNF6 group were significantly
reduced (Figures 6D, E, P <0.01). Figures 6F, G show the co-
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expression correlation between RNF6 and TGF-f and c-Myb.
RNF6 exhibited a positive correlation with TGF-f and ¢-Myb and
its co-expression in esophageal cancer.

RNF6/TGF-B1 promoted the progression of
esophageal cancer through c-Myb

Compared with that in the control group, c-Myb mRNA
increased in the TGF-B group (Figure 7A). qPCR was conducted to
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analyze c-Myb mRNA levels in Eca-109 and KYSE-150 cells treated
with RNF6 overexpression or SB525334 (TGF-f inhibitor). c-Myb
mRNA was significantly up-regulated in Eca-109 and KYSE-150 cells
after the stable overexpression of RNF6. After treatment with TGF-f3
specific inhibitor SB525334, c-Myb mRNA was down-regulated
(Figure 7B). Compared with that in the control group, the c-Myb
mRNA of Eca-109 and KYSE-150 cells in the TGF-f group was up-
regulated. Compared with that in the TGF-B + si-NC group, the c-

10.3389/fonc.2023.1081333

Myb mRNA in the TGF-B + si-RNF6 group was significantly
decreased (Figure 7C). TCGA was used to analyze the relative levels
of TGF-f in paracancer normal tissues and esophageal cancer tissues.
TCGA data analysis results showed that TGF-B expression was
significantly increased in human esophageal cancer compared with
that in the paracancer control group (Figure 7D). Figure 7E reveals
the molecular mechanism of RNF6 in promoting EMT in
esophageal cancer.
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TGF-B inhibitors reverse the cancer-promoting effects of RNF6. (A) gPCR analysis of Snail mRNA levels in Eca-109 and KYSE-150 cells overexpressed with
RNF6 or treated with SB525334 (a TGF-f inhibitor). (B) gPCR analysis of E-cadherin mRNA levels in Eca-109 and KYSE-150 cells overexpressed with RNF6 or
treated with SB525334. (C) qPCR analysis of N-cadherin mRNA levels in Eca-109 and KYSE-150 cells overexpressed with RNF6 or treated with SB525334. (D)
Effects of SB525334 and RNF6 upregulation on cell migration. (E) Effects of SB525334 and RNF6 upregulation on cell invasion. n=3, **P < 0.01, ANOVA analysis.

Discussion

ESCC is one of the most common gastrointestinal malignancies in
the world (19). Although radical ESCC resection combined with
chemotherapy has been widely used for treatment, the 5-year survival
rate is low because most patients are already in advanced stage upon
diagnosis (20). Reducing cell proliferation and inducing cell apoptosis
will greatly improve the therapeutic effect against ESCC (1). With the
continuous improvement of biotechnology, molecular drug targeted
therapy is gradually being used in clinical diagnosis and treatment
because of its accurate localization and improved survival rate (21).

Frontiers in Oncology

Therefore, finding new ESCC molecular targets is the key to the early
diagnosis and treatment of ESCC (6).

RNF6 regulates the transcriptional activity and specificity of AR,
thereby promoting the growth of prostate cancer cells (16). Therefore,
RNF6 is closely associated with the growth of prostate cancer cells
(22). In addition, RNF6 neurons in the hippocampus are closely
related to the growth of nerve cells’ axons (23). RNF6 is high in
cisplatin-resistant lung cancer cell lines, indicating that it may also be
closely related to drug resistance (23, 24). However, the function of
RNF6 in ESCC has not been thoroughly studied. To verify the
biological function of RNF6 in ESCC cells, this study explored
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FIGURE 6

RNF6 regulates the migration and invasion of esophageal cancer cells by activating the TGF- pathway. (A) gPCR analysis of Snail mRNA levels in Eca-
109 and KYSE-150 cells treated with silenced RNF6 or TGF-B1. (B) gPCR analysis of E-cadherin mRNA levels in Eca-109 and KYSE-150 cells treated with
silenced RNF6 or TGF-B1. (C) gPCR analysis of N-cadherin mRNA levels in Eca-109 and KYSE-150 cells treated with silenced RNF6 or TGF-B1. (D) Effects
of silencing RNF6 or TGF-B1-treated Eca-109 and KYSE-150 cells on migration. (E) Effects of silencing RNF6 or TGF-B1 treatment on invasion of Eca-109
and KYSE-150 cells. n=3, **P < 0.01, ANOVA analysis. (F) The co-expression correlation between RNF6 and TGF-B. (G) The co-expression correlation

between RNF6 and c-Myb.

RNF6 expression in esophageal cancer at the clinical level. Cell lines
Eca-109 and KYSE-150 were treated with RNF6 interference. Results
showed that after RNF6 inhibition, the scratch area of Eca-109 and
KYSE-150 cells was small, their migration ability decreased (P<0.05),
and the number of tumor cells below the Transwell compartment
membrane significantly decreased (P<0.05). In addition, the
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proliferation and invasion of RNF6 cells were significantly inhibited
by silencing RNF6. These results suggested that RNF6 could affect the
proliferation, invasion, and migration of ESCC cells.

TGF-B is a functional protein that can control the proliferation,
differentiation, and apoptosis of various cell types (25). It plays a
complex and important role in the occurrence and development of
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RNF6/TGF-B1 promotes esophageal cancer progression through c-Myb. (A) The level of c-Myb in cells increased after the concentration of TGF-B1 was

increased. (B) gPCR analysis of c-Myb mRNA levels in RNF6 overexpressed
analysis of c-Myb mRNA levels in Eca-109 and KYSE-150 cells treated with

adjacent normal tissues and esophageal cancer tissues. (E) Mechanism diagram of RNF6 promoting EMT. n=3, *P <0.05; **P < 0.01, ANOVA analysis.

tumors. As tumors develop, TGF-B is overexpressed in the tumor
microenvironment due to the accumulation of related gene mutations
and epigenetic modifications (26). TGF-B also induces the EMT of
tumor epithelial cells through Smad and non-Smad pathways and
promotes tumor cell migration and metastasis (27). It can promote
the regeneration of tumor blood vessels and inhibit the body’s
immune system for tumor killing effect (28). Through TCGA data
analysis, we found that in ESCA, RNF6 had a positive correlation with
TGF-P co-expression. TGF-B/c-Myb axis promotes epithelial ovarian
cancer progression reported by Lin et al (29). Our further analysis
found that RNF6 and c-Myb also had positive co-expression
correlation in ESCA. Therefore, we chose to explore the effects of
RNF6 on TGF-B1/c-Myb signaling pathway. This study showed that
RNF6 suppression significantly reduced c-Myb protein expression.
Moreover, treatment with TGF-f inhibitor SB525334 significantly

Frontiers in Oncology

or SB525334 (TGF-B inhibitor)-treated Eca-109 and KYSE-150 cells. (C) gPCR
silenced RNF6 or TGF-B1. (D) TCGA analysis of the relative levels of TGF-B in

reversed the carcinogenic effect of RNF6. These results suggested that
RNF6 can regulate the expression of c-Myb by regulating TGF-f3.
Down-regulating c-Myb can inhibit the proliferation and promote the
apoptosis of ESCC cells (30). Therefore, inhibiting RNF6 can suppress
the proliferation and promote apoptosis of ESCC cells by down-
regulating c-Myb.

Conclusion

RNF6 expression was significantly increased in ESCC. Down-
regulating RNF6 significantly inhibited the proliferation and
promoted apoptosis of ESCC cells. Silencing RNF6 can suppress
TGE-B/c-Myb. RNF6 regulates c-Myb through TGF-B, thus
regulating the proliferation and apoptosis of ESCC cells.

10 frontiersin.org


https://doi.org/10.3389/fonc.2023.1081333
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cheng et al.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/supplementary material.

Ethics statement

Written informed consent was obtained from the individual(s) for
the publication of any potentially identifiable images or data included
in this article.

Author contributions

HZ designed the study. JC, KW, and QY performed the
experiments and analyzed the data. JC and ZZ performed the data
analysis. JC wrote the initial draft of the paper, with contributions

References

1. Fatehi Hassanabad A, Chehade R, Breadner D, Raphael J. Esophageal carcinoma:
Towards targeted therapies. Cell Oncol (2020) 43(2):195-209. doi: 10.1007/s13402-019-
00488-2

2. Shah MA, Kennedy EB, Catenacci DV, Deighton DC, Goodman KA, Malhotra NK,
et al. Treatment of locally advanced esophageal carcinoma: ASCO guideline. J Clin Oncol
(2020) 38(23):2677-94. doi: 10.1200/JCO.20.00866

3. Qiu M-L, Lin J-B, Li X, Luo R-G, Liu B, Lin J-W. Current state of esophageal cancer
surgery in China: A national database analysis. BMC cancer (2019) 19(1):1-7. doi:
10.1186/s12885-019-6191-2

4. Yang B, Chen Q, Wan C, Sun S, Zhu L, Zhao Z, et al. Transgelin inhibits the
malignant progression of esophageal squamous cell carcinomas by regulating epithelial-
mesenchymal transition. Front Oncol (2021) 11:3313. doi: 10.3389/fonc.2021.709486

5. Zhong W, Hou H, Liu T, Su S, Xi X, Liao Y, et al. Cartilage oligomeric matrix protein
promotes epithelial-mesenchymal transition by interacting with transgelin in colorectal
cancer. Theranostics (2020) 10(19):8790. doi: 10.7150/thno.44456

6. Zhong W, Yang W, Qin Y, Gu W, Xue Y, Tang Y, et al. 6-gingerol stabilized the p-
VEGFR2/VE-cadherin/beta-catenin/actin complex promotes microvessel normalization
and suppresses tumor progression. J Exp Clin Cancer Res (2019) 38(1):285. doi: 10.1186/
513046-019-1291-z

7. Zhou B, Zong S, Zhong W, Tian Y, Wang L, Zhang Q, et al. Interaction between
laminin-5gamma?2 and integrin betal promotes the tumor budding of colorectal cancer
via the activation of yes-associated proteins. Oncogene (2019) 39(7):1527-1542. doi:
10.1038/541388-019-1082-1

8. Liu Q, Zheng S, Chen Y, Liu T, Han X, Zhang X, et al. TGF-B1-induced upregulation
of MALAT1 promotes kazakh's esophageal squamous cell carcinoma invasion by EMT. J
Cancer (2020) 11(23):6892. doi: 10.7150/jca.48426

9. YuH, GuD, Yue C, XuJ, Yan F, He X. An immune cell-based signature associating
with EMT phenotype predicts postoperative overall survival of ESCC. Front Oncol (2021)
11:1057. doi: 10.3389/fonc.2021.636479

10. Bierie B, Moses HL. TGF-B and cancer. Cytokine Growth factor Rev (2006) 17(1-
2):29-40. doi: 10.1016/j.cytogfr.2005.09.006
11. Moustakas A, Heldin C-H. Induction of epithelial-mesenchymal transition by

transforming growth factor B. Semin Cancer Biol (2012) (Academic Press) 22(5-6):446—
54. doi: 10.1016/j.semcancer.2012.04.002

12. Hao Y, Baker D, Ten Dijke P. TGF-B-mediated epithelial-mesenchymal transition
and cancer metastasis. Int ] Mol Sci (2019) 20(11):2767. doi: 10.3390/ijms20112767

13. Guerin M, Sheng Z, Andrieu N, Riou G. Strong association between c-myb and
oestrogen-receptor expression in human breast cancer. Oncogene (1990) 5(1):131-5.

14. Tang M, Zeng X, Luo ], Quan FF, Chen CY, Li YK, et al. Gene commander in the trash
heap: Transcriptional regulation and ubiquitination modification mediated by RNF6 in
carcinogenesis. Exp Cell Res (2021) 401(1):112396. doi: 10.1016/j.yexcr.2020.112396

15. Liu L, Zhang Y, Wong CC, Zhang J, Dong Y, Li X, et al. RNF6 promotes colorectal
cancer by activating the wnt/fB-catenin pathway via ubiquitination of TLE3. Cancer Res
(2018) 78(8):1958-71. doi: 10.1158/0008-5472.CAN-17-2683

Frontiers in Oncology

1

10.3389/fonc.2023.1081333

from all authors. All authors contributed to the article and approved
the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

16. Xu K, Shimelis H, Linn DE, Jiang R, Yang X, Sun F, et al. Regulation of androgen
receptor transcriptional activity and specificity by RNF6-induced ubiquitination. Cancer
Cell (2009) 15(4):270-82. doi: 10.1016/j.ccr.2009.02.021

17. Wang ], Zhang W, Ji W, Liu X, Ouyang G, Xiao W. The von hippel-lindau protein
suppresses androgen receptor activity. Mol Endocrinol (2014) 28(2):239-48. doi: 10.1210/
me.2013-1258

18. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative CT
method. Nat Protoc (2008) 3(6):1101-8. doi: 10.1038/nprot.2008.73

19. Lee K-W, Kim JH, Han S, Sung CO, Do IG, Ko YH, et al. Twist1 is an independent
prognostic factor of esophageal squamous cell carcinoma and associated with its
epithelial-mesenchymal transition. Ann Surg Oncol (2012) 19(1):326-35. doi: 10.1245/
510434-011-1867-0

20. Rustgi A, El-Serag HB. Esophageal carcinoma. New Engl ] Med (2015) 372
(15):1472-3. doi: 10.1056/NEJMc1500692

21. Wang L, Li K, Lin X, Yao Z, Wang S, Xiong X, et al. Metformin induces human
esophageal carcinoma cell pyroptosis by targeting the miR-497/PELP1 axis. Cancer
Letters. (2019) 450:22-31. doi: 10.1016/j.canlet.2019.02.014

22. Heemers HV, Tindall DJ. Unraveling the complexities of androgen receptor signaling in
prostate cancer cells. Cancer Cell (2009) 15(4):245-7. doi: 10.1016/j.ccr.2009.03.009

23. Tursun B, Schliiter A, Peters MA, Viehweger B, Ostendorff HP, Soosairajah J, et al.
The ubiquitin ligase Rnf6 regulates local LIM kinase 1 levels in axonal growth cones.
Genes Dev (2005) 19(19):2307-19. doi: 10.1101/gad.1340605

24. Qin X, Chen S, Qiu Z, Zhang Y, Qiu F. Proteomic analysis of ubiquitination-
associated proteins in a cisplatin-resistant human lung adenocarcinoma cell line. Int ] Mol
Med (2012) 29(5):791-800. doi: 10.3892/ijmm.2012.912

25. Huynh LK, Hipolito CJ, Ten Dijke P. A perspective on the development of
TGF-B inhibitors for cancer treatment. Biomolecules (2019) 9(11):743. doi: 10.3390/
biom9110743

26. Caja L, Dituri F, Mancarella S, Caballero-Diaz D, Moustakas A, Giannelli G, et al.
TGF-P and the tissue microenvironment: Relevance in fibrosis and cancer. Int ] Mol Sci
(2018) 19(5):1294. doi: 10.3390/ijms19051294

27. Parichatikanond W, Luangmonkong T, Mangmool S, Kurose H. Therapeutic
targets for the treatment of cardiac fibrosis and cancer: Focusing on TGF-p signaling.
Front Cardiovasc Med (2020) 7:34. doi: 10.3389/fcvm.2020.00034

28. Yu Y, Feng X-H. TGF-p signaling in cell fate control and cancer. Curr Opin Cell
Biol (2019) 61:56-63. doi: 10.1016/j.ceb.2019.07.007

29. Zhang J, Liu W, Shen F, Ma X, Liu X, Tian F, et al. The activation of
microRNA-520h-associated TGF-B1/c-Myb/Smad7 axis promotes epithelial
ovarian cancer progression. Cell Death disease. (2018) 9(9):1-15. doi: 10.1038/
s41419-018-0946-6

30. Zhao X, Wang X, Zhou C, Peng R, Yan S, Wu M. Abrupt reduction of c-myc
expression by antisense RNA inducing terminal differentiation and apoptosis of a
human esophageal cancer cell line. Sci China. Ser B Chemistry Life Sci Earth Sci
(1995) 38(5):580-9.

frontiersin.org


https://doi.org/10.1007/s13402-019-00488-2
https://doi.org/10.1007/s13402-019-00488-2
https://doi.org/10.1200/JCO.20.00866
https://doi.org/10.1186/s12885-019-6191-2
https://doi.org/10.3389/fonc.2021.709486
https://doi.org/10.7150/thno.44456
https://doi.org/10.1186/s13046-019-1291-z
https://doi.org/10.1186/s13046-019-1291-z
https://doi.org/10.1038/s41388-019-1082-1
https://doi.org/10.7150/jca.48426
https://doi.org/10.3389/fonc.2021.636479
https://doi.org/10.1016/j.cytogfr.2005.09.006
https://doi.org/10.1016/j.semcancer.2012.04.002
https://doi.org/10.3390/ijms20112767
https://doi.org/10.1016/j.yexcr.2020.112396
https://doi.org/10.1158/0008-5472.CAN-17-2683
https://doi.org/10.1016/j.ccr.2009.02.021
https://doi.org/10.1210/me.2013-1258
https://doi.org/10.1210/me.2013-1258
https://doi.org/10.1038/nprot.2008.73
https://doi.org/10.1245/s10434-011-1867-0
https://doi.org/10.1245/s10434-011-1867-0
https://doi.org/10.1056/NEJMc1500692
https://doi.org/10.1016/j.canlet.2019.02.014
https://doi.org/10.1016/j.ccr.2009.03.009
https://doi.org/10.1101/gad.1340605
https://doi.org/10.3892/ijmm.2012.912
https://doi.org/10.3390/biom9110743
https://doi.org/10.3390/biom9110743
https://doi.org/10.3390/ijms19051294
https://doi.org/10.3389/fcvm.2020.00034
https://doi.org/10.1016/j.ceb.2019.07.007
https://doi.org/10.1038/s41419-018-0946-6
https://doi.org/10.1038/s41419-018-0946-6
https://doi.org/10.3389/fonc.2023.1081333
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	RNF6 activates TGF-β1/c-Myb pathway to promote EMT in esophageal squamous cell carcinoma
	Introduction
	Methods
	Bioinformatics analysis
	Cell culture
	Cell transfection
	qRT-PCR
	Scratch test
	Transwell experiment
	TUNEL experiment
	Western blot assay
	Statistical analysis

	Results
	RNF6 expression was increased in ESCC cells
	RNF6 affected the invasion and migration of ESCC cells Eca-109 and KYSE-150
	Silencing RNF6 inhibited the migration and invasion of esophageal cancer cells
	Co-expressed genes and functional enrichment analysis of RNF6 in esophageal cancer
	TGF-β inhibitors reversed the carcinogenic effect of RNF6
	RNF6 regulated the migration and invasion of ESCC cells by activating the TGF-β pathway
	RNF6/TGF-β1 promoted the progression of esophageal cancer through c-Myb

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References


